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D E SI G N A N D C O N S T R U C TI O N O F B RI D G E S C O U R 
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A B S T R A C T
T h e  U. S.  Ar m y  C or ps  of  E n gi n e ers, t h e  Cit y  of  P h o e ni x,  Ari z o n a,  a n d  t h e
M ari c o p a  C o u nt y  Fl o o d  C o ntr ol  Distri ct ar e  w or ki n g  t o g et h er  o n  a  h a bit at
r est or ati o n pr oj e ct f or a r e a c h of t h e S alt Ri v er wit hi n t h e Cit y of P h o e ni x.  T h e
pr oj e ct  i n cl u d es c o nstr u cti o n  of a  l o w-fl o w  c h a n n el  t h at  f oll o ws  t h e  hist ori c
ali g n m e nt of fl o ws of t h e S alt Ri v er c h a n n el.  T h e c o nstr u ct e d l o w-fl o w c h a n n el
is as m u c h as 6 1 m et ers ( 2 0 0 f e et) wi d e a n d u p t o 3. 6 6 m et ers ( 1 2 f e et) b el o w t h e 
pr e- pr oj e ct c h a n n el i n v ert.  T h er e ar e fi v e hi g h w a y bri d g es t h at s p a n t his r e a c h of 
t h e S alt Ri v er.  O n e of t h es e bri d g es is f o u n d e d o n s pr e a d f o oti n gs wit h t h e t o p of
t h e f o oti n gs 4. 6 t o 6. 1 m et ers ( 1 5 t o 2 0 f e et) b el o w t h e pr e- pr oj e ct c h a n n el i n v ert.
A n ot h er bri d g e is f o u n d e d o n st e el pil e f o oti n gs, a p pr o xi m at el y 1 2. 2 m et ers ( 4 0
f e et) b el o w t h e pr e- pr oj e ct c h a n n el i n v ert.
B ot h  h y dr a uli c  a n d  str u ct ur al  c o u nt er m e as ur es  w er e  e v al u at e d  f or  t h e  t w o
bri d g es.   H y dr a uli c c o u nt er m e as ur es i n cl u d e d a b e d ar m ori n g alt er n ati v e a n d t w o 
l o c al s c o ur ar m ori n g alt er n ati v es.  T h e r e c o m m e n d e d alt er n ati v e at b ot h bri d g es
w as a  r oll er  c o m p a ct e d  c o n cr et e  ( R C C)  a pr o n  l o c at e d  wit hi n  t h e l o w-fl o w
c h a n n el wit h a R C C gr a d e- c o ntr ol str u ct ur e at t h e d o w nstr e a m e n d of t h e a pr o n.
T h e  R C C  a pr o n  pr o vi d e d  a  hi g h er  l e v el  of  pr ot e cti o n  t h a n  eit h er  of  t h e  l o c al
ar m ori n g  alt er n ati v es.   T h e  p a p er  dis c uss es  t h e  alt er n ati v es  e v al u at e d,  f a ct ors
c o nsi d er e d  i n  s el e cti n g  t h e  R C C  a pr o n  alt er n ati v e,  a n d  t h e  c ost  of  t h e  s el e ct e d
alt er n ati v e.
I N T R O D U C TI O N
T h e  L os A n g el es Distri ct of t h e C or ps of E n gi n e ers, t h e Cit y of P h o e ni x, Ari z o n a,
a n d  t h e  Fl o o d  C o ntr ol  Distri ct  of  M ari c o p a  C o u nt y  ar e  p art n ers  i n  a h a bit at
r est or ati o n pr oj e ct k n o w n as t h e P h o e ni x  Ri o S al a d o  H a bit at R est or ati o n Pr oj e ct.
T h e Ri o S al a d o Pr oj e ct is l o c at e d wit hi n t h e b a n ks of t h e S alt Ri v er pl us a 1 5. 2 5
m et er ( 5 0 ft) wi d e ar e a at t h e t o p of e a c h b a n k.  T h e pr oj e ct b e gi ns i m m e di at el y
d o w nstr e a m of I nt erst at e 1 0 (I- 1 0) a n d e xt e n ds w est t o 1 9 t h A v e n u e, a dist a n c e of 
a p pr o xi m at el y 8. 8 5 kil o m et ers ( 5. 5 mil es).
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The Rio Salado project will include a low flow channel constructed in the bottom 
of the present river; habitat elements including riparian tree species, volunteer
riparian grasses and shrubs, open water ponds, and a small flowing stream; wells
and a water delivery system to bring water to the trees and other vegetation,
wetlands, ponds, and the stream; and recreation and interpretive trail system. A
key feature of the project is the low flow channel which was designed and
constructed with “soft” sides and bottom while conveying a design discharge of
345.5 cms (12,200 cfs) without significant scour or deposition.  The 100-year
event for this reach of the Salt River is 4,700 cms (166,000 cfs).
The low flow channel adds to the flood carrying capacity of the river through the 
project and balances the loss of capacity resulting from the introduction of plants
and trees in the channel.  This channel has a minimal footprint, thereby
maximizing the area available for overbank park and recreation and habitat
development.  The invert of the low flow channel is 2.44 (8 ft) to 3.66 meters (12 
ft) below the existing channel invert and the bottom width of the low flow channel 
ranges from 62.5 meters (205 ft) in the lower reach of the project to 48.8 meters
(160 ft) in the upper reach (WEST, 2000).  Grade control structures are included
along the channel to help maintain channel stability.
BRIDGE CROSSINGS
Several major bridges cross the Salt River within the Rio Salado project reach.
These bridges are located at 24th Street, 16th Street, 7th Street, Central Avenue, and 
7th Avenue. In addition, there were two sand and gravel mining operation
conveyor bridges located near the 11th Avenue and 19th Street alignments.
A multi-disciplinary team of hydraulic, structural, and geotechnical engineers
evaluated the structures to determine if the bridges were stable for proposed
project conditions.  The analyses were conducted for both existing and proposed
conditions using the 100-year discharge of 4,700 cms (166,000 cfs).  Bridge scour 
was evaluated per Federal Highway Administration guidelines (FHWA, 1995).
The evaluation determined that the Central Avenue Bridge and the 24th Street
Bridge as well as both conveyor bridges were vulnerable to scour under proposed 
design conditions.
Central Avenue Bridge
The Central Avenue Bridge was constructed in 1975.  It is a nine-span structure
approximately 275.2 meters (903 ft) long and 24.7 meters (81 ft) wide.  The
structure is supported by tapered, 0.76 meter (2.5 ft) round-nose piers and spill-
through abutments.  Both the piers and abutments are founded on spread footings
with the spread footings at elevation 307.8 meters (1010.0 ft).  The channel invert
elevation at the Central Avenue Bridge, prior to the construction of the Rio Salado 
low flow channel, was 317.3 meters (1041.1 ft).
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With the Rio Salado low flow channel, the channel invert elevation at the Central 
Avenue bridge is 313.3 meters (1027.8 ft).  The total pier scour depth for the 100-
year event was estimated to be 6.95 meters (22.8 ft) resulting in a total scour
elevation of 306.3 meters (1005.0 ft) or 1.5 meters (5 ft) below the bottom of the
spread footings.
24th Street Bridge
The 24th Street Bridge was constructed in 1980 and is a twelve-span structure
approximately 263.4 meters (864 ft) long and 24.4 meters (80 ft) wide.  The
structure is supported on 0.76 meter (2.5 ft) wide and 15.25 meters (50 ft) long
round-nose piers with 0.91 meter (3 ft) wide and 26.2 meters (86 ft) long pier
caps.  Both the piers and the abutments are founded on footings with steel piles
extending to elevation 313.3 meters (1028.0 ft).  The channel invert at the 24th
Street Bridge, prior to the construction of the Rio Salado low flow channel, was
325.8 (1069.0 ft).
For proposed conditions, the low flow channel invert is at an elevation of 323.5
meters (1061.3 ft).   The total scour depth was estimated to be 7.13 meters (23.4
ft) resulting in a total scour elevation of 316.35 meters (1037.9 ft).  The bottom of 
the 24th Street footings are at elevation 320.45 meters (1051.3 ft) resulting in
scour of 4.1 meters (13.4 ft) below the footings for the 100-year event.
Conveyor Bridges
The conveyor bridge along the 11th Avenue alignment was on piles with a pile tip 
elevation of 313.85 meters (1029.7 ft).  The total scour elevation for proposed
conditions was estimated to be 311.4 meters (1021.7 ft). Although this bridge
was no longer being used for sand and gravel mining operations, it was being
considered as a pedestrian walkway. However, due to the cost of providing
countermeasures, it was decided to dismantle the structure
.
The conveyor bridge along the 19th Street alignment was on spread footings with
a bottom of footing elevation of 310.5 meters (1018.7 ft).  The total scour
elevation for proposed conditions was estimated to be 306.1 meters (1004.2 ft).
This structure had been retrofitted following previous flood events.
Since neither of the conveyor bridges were being utilized for sand and gravel
mining operations and the cost of providing countermeasures was large, the
decision was to remove both structures.
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COUNTERMEASURES
Both hydraulic countermeasures and structural countermeasures were evaluated
for the Central Avenue Bridge and the 24th Street Bridge. Hydraulic
countermeasures included a bed armoring alternative and two local scour
armoring alternatives.  The following paragraphs provide additional information
on the countermeasures evaluated. 
Bed Armoring Alternative
The bed armoring alternative evaluated was a RCC apron located within the low
flow channel and extending both upstream and downstream of the bridge.  The
apron ties into an RCC grade-control structure located downstream of the bridge.
The RCC grade-control structure extends the full width of the Salt River channel.
The apron provides protection for each of the two piers located with the low flow 
channel as well as the first pier on each side of the low flow channel.  The apron 
has a 3.05 meters (10 ft) toe-down on the upstream end and along both sides.
Local Armoring Alternatives
Local armoring alternatives evaluated for the Rio Salado project were an
articulated concrete block (ACB’s) system, and A-Jacks® concrete armor units.
The ACB system consisted of preformed concrete units held together by cables to 
form a continuous blanket or mat with filter fabric placed beneath the mat.  The
ACB’s were to be placed in the immediate vicinity of the piers to armor the bed
and thereby prevent or minimize local pier scour.  The dimensions for the armor
mat were based on guidelines provided in the Federal Highway Administration’s
Hydraulic Engineering Circular No. 23, “Bridge Scour and Stream Instability
Countermeasures.”  (FHWA, 1997)
The second local armoring alternative evaluated was the A-Jacks concrete armor
units system.  These units consisted of an interlocking system around the piers to
provide protection against high-velocity flows and thereby minimize local scour.
The system was to be constructed onsite in the dry and banded together in clusters 
around the pier, after suitable bedding layers had been placed.
Structural Alternative
At the Central Avenue Bridge, the structural countermeasure evaluated was
concrete jacketing around the spread footing with additional drilled shafts located 
outside the existing footing.  For the 24th Street Bridge, placement of concrete
around the piles was evaluated. Both of these structural alternatives required
extensive excavation at the footing and would have been expensive to complete
due to the extensive construction requirements beneath the existing structures.
 
673
SELECTED ALTERNATIVE
The selected alternative for both the Central Avenue Bridge and the 24th Street
Bridge was a RCC apron constructed within and immediately adjacent to the low
flow channel.  This alternative provides a higher level of protection than either of
the local armoring alternatives.  Factors considered in selecting this alternative
included the durability of the system in a river system such as the Salt River
where there are large quantities of gravels and cobbles transported, depth and
quantity of excavation, and the ease of construction.
The RCC aprons were constructed with the top of the apron at the invert elevation 
of the low flow channel.  The depth (thickness) of the aprons is 1.22 meters (4 ft).
This depth provides a structure that exceeds the 1.5 factor of safety against uplift
while allowing for some erosion of the surface of the apron.  The upstream end
and both sides of the apron have 3.05 meters (10 ft) deep by 2.74 meters (9 ft)
wide RCC toe-downs.  Figure 1 is a section view of the Central Avenue apron.
The RCC mix design specified a seven day compressive strength of 13.8 Mpa
(2,000 psi).
Figure 1. Section of RCC Apron along Low Flow Channel Centerline
For both the Central Avenue Bridge and the 24th Street Bridge, the apron provides 
protection of the two piers located within the bottom of the low flow channel as
well as the first pier on each side of the low flow channel. Figure 2 shows a
typical section of the Central Avenue apron. At the interface of the RCC apron
with the bridge piers, a 0.10 meter (4 inches) expanded polystyrene jacket was
placed around the piers. Figure 3 shows the polystyrene jacket.
At Central Avenue, the bottom width of the low flow channel is 62.5 meters (205 
ft).  The width of the RCC apron is 109.7 meters (360 ft) and the length is 73.5
meters (200.75 ft).  Site constraints required the grade-control structure to be
located a distance downstream of the bridge resulting in a longer RCC apron than 
originally planned. At 24th Street, the bottom width of the low flow channel is
48.8 meters (160 ft).  The width of the RCC apron is 80.5 meters (264 ft) and the
length is 61 meters (200 ft). 
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Figure 2. Typical Section of RCC Apron and Bridge Piers
Figure 3.  Jacket at RCC Apron / Pier Interface
The Rio Salado Low Flow Channel was constructed in two phases.  The Central
Avenue structure was included in Phase I and the 24th Street structure in Phase II.
The unit price of RCC was about $64.10 per cubic meter ($49 per cubic yard) for 
the Central Avenue structure and $75.90 per cubic meter ($58 per cubic yard) for
the 24th Street structure.  This unit price includes the cost for furnishing all
equipment, labor, and materials (including cement and fly ash) necessary to
complete the RCC structure, including dewatering, trench excavation and toe
backfilling, watering, mixing, placing, and compacting.
The Central Avenue RCC grade-control structure and apron required nearly
26,760 cubic meters (35,000 cubic yards) for a total construction cost of about
$1,700,000. Construction of the Central Avenue countermeasure was completed
in November 2000. Figure 4 is looking downstream during construction of the
RCC grade-control structure and apron.
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Figure 4. Central Avenue – RCC Grade-Control Structure and Apron
The 24th Street grade-control and apron required nearly 19,880 cubic meters
(26,000 cubic yards) for a total construction cost of approximately $1,500,000.
Construction of the 24th Street countermeasure was completed in December 2001.
Figure 5 is looking upstream at the 24th Street grade-control structure and apron. 
Figure 5. 24
th
 Street – RCC Grade-Control Structure and Apron
 
676
REFERENCES
Federal Highway Administration, 1995, “Evaluating Scour at Bridges,” 3rd
Edition, Hydraulic Engineering Circular No. 18, Report No. FHWA HI-96-031,
November 1995.
Federal Highway Administration, 1997, “Bridge Scour and Stream Instability
Countermeasures,” Hydraulic Engineering Circular No. 23, Report No. FHWA
HI-97-030, July 1997.
U.S. Army Corps of Engineers, Los Angles District, South Pacific Division, 1998, 
“Rio Salado Salt River, Arizona Feasibility Report and Environmental Impact
Statement,” April 1998.
WEST Consultants, Inc., 2000, “Low Flow Channel Design Analysis for Rio
Salado (Salt River), Arizona,” January 2000.
 
677
